Background {#Sec1}
==========

Insulin resistance (IR) is defined as decreased sensitivity or responsiveness to the metabolic actions of insulin, such as insulin-mediated glucose disposal and inhibition of hepatic glucose production \[[@CR1]\]. Evidence has accumulated showing that insulin resistance is a pathogenic factor for type II diabetes \[[@CR2]--[@CR6]\], with which about 2.5 million Canadians have been diagnosed in 2010, with an estimated economic burden of \$12.2 billion including \$2.1 billion of direct cost and \$10.1 billion of indirect cost) in 2010 \[[@CR7]\]. It has also been associated with increased risk of a number of metabolic abnormalities and adverse clinical outcomes, such as essential hypertension, atherogenesis, coronary heart disease, stroke, and systemic inflammation \[[@CR2], [@CR8]--[@CR13]\].

It has been suggested that IR and subsequent compensatory hyperinsulinemia develops earlier than β-cell dysfunction because insulin secretion in insulin-resistant, non-diabetic persons is increased in proportion to the severity of the insulin resistance even though glucose tolerance remains normal. Therefore, IR might exist and progress before diabetes, and pre-diabetes would be detected by impaired fasting glucose or impaired glucose tolerance \[[@CR6]\]. Thus, early identification of individuals with IR may be a way to guide earlier intervention strategies (i.e., prior to the emergence of impaired glucose tolerance) to prevent or delay diabetes onset and related chronic diseases.

The gold standard for assessing insulin resistance has been euglycemic-hyperinsulinemic glucose clamp \[[@CR14], [@CR15]\]. This method is invasive, complex and expensive; therefore, it has been of limited use in epidemiological studies. Instead, the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) is a simpler and more practical method to measure insulin resistance and has been widely used in large epidemiological studies \[[@CR16]\]. The HOMA-IR index has been validated as an acceptable proxy measure of insulin resistance in both normal and diabetic people with a good correlation (correlation coefficient: 0.73--0.88) between estimates of IR derived from HOMA and from the euglycemic clamp, and with a good correlation (correlation coefficient: 0.62--0.90) between estimates of β-cell function using HOMA and estimates using continuous infusion glucose model assessment, hyperinsulinemic clamps, the acute insulin response from the intravenous glucose tolerance test \[[@CR16]--[@CR18]\].

There are no report on HOMA-IR and its association with lifestyle factors in the Canadian population. Therefore, the main purpose of this study was to assess the association of IR with demographic and lifestyle factors using a sample of non-diabetic adult Canadians.

Methods {#Sec2}
=======

Data source and study population {#Sec3}
--------------------------------

This analysis was based on data from the Canadian Health Measures Survey (CHMS), cycle 1 (2007--2009) and cycle 2 (2009--2011), which was collected by Statistics Canada. The CHMS is an ongoing comprehensive, direct health measures survey, developed to address important data gaps and limitations in existing health information. It provides national estimates at the time of the survey. Ethnics approval was obtained from Health Canada's Research Ethics Board \[[@CR19]\]. Cycle 1 covers approximately 96.3 % of the Canadian population aged 6 to 79 living at home and residing in the 10 provinces and 3 territories. Cycle 2 covered the population aged 3 to 79 living at home and residing in the 10 provinces and 3 territories, and represented more than 96 % of the population. Excluded from all cycles of the CHMS are individuals living on reserves or in certain remote areas, institutional residents, and full-time members of the Canadian Forces. Study design, study subjects, and data collection methods have been described elsewhere \[[@CR20]--[@CR23]\]. The overall response rates were 52 % for cycle 1 and 55.5 % for cycle 2 after adjusting for the sampling strategy, and reflecting the proportion of A) households that agreed to participate (70 % for cycle 1 and 75.9 % for cycle 2); B) selected household respondents that participated in the survey (88 % for cycle 1 and 90.5 % for cycle 2); and C) participants who reported to the mobile examination centre (85 % for cycle 1 and 81.7 % for cycle 2).

Measures for fasting insulin and fasting glucose were available for 3734 (1805 for cycle 1 and 1929 for cycle 2) adults aged 18 to 79 years old. Individuals who were diagnosed by a physician as having diabetes or who had fasting glucose levels above 6.9 mmol/L (the level for operationally defining type II diabetes) were excluded from the analysis (*n* = 219). Therefore, results are based on a sample of 3515 (1716 for cycle 1 and 1799 for cycle 2) adults age 18 to 79 without diabetes.

### Data collection procedure {#Sec4}

During an initial household survey, the CHMS collects self-reported information on socio-demographics, medical history (including current medication use), current health status, and lifestyle behaviours. On an appointed date after the household interview, physical measurements, such as height, weight, waist circumference (WC), blood pressure, and heart rate, were obtained at a mobile examination centre. A sample of blood and urine was also collected from participants for further tests, with approximately one-third of the participants asked to fast for at least 10 h before their clinic visit. A wide range of biomeasures were assessed, such as hemoglobin A1c (HbA1c), high-density lipoprotein (HDL), vitamin D, etc. Fasting participants had additional blood measures available, including triglycerides (TG), insulin, glucose, apolipoprotein A, apolipoprotein B, and low density lipoprotein.

Key measures {#Sec5}
------------

### Outcome - Insulin resistance (IR) {#Sec6}

IR was based on the homeostatic model assessment (HOMA) \[[@CR16]\]. HOMA index was determined by the fasting insulin concentration and fasting glucose concentration and defined as:$$\documentclass[12pt]{minimal}
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Insulin concentration was measured by solid-phase, two-site chemiluminescent immunometric assay. Fasting glucose concentration was measured by the VITROS GLU Slide method (colorimetric). Because there are no universally established cut-offs for classifying IR, as a normal practice, individuals in the highest quartile on the HOMA index (i.e., 25 % of the population) were classified as IR, with the remaining 75 % of the population classified as non-IR \[[@CR24]\].

### Adiposity measures {#Sec7}

#### Body mass index (BMI) (kg/m^2^) {#FPar1}

BMI was calculated from measured weight and height. Based on BMI, subjects were classified as underweight (\<18.5), normal weight (18.5-- \< 25.0), overweight (25.0-- \< 30.0), obese (≥30.0) \[[@CR25]\].

#### Waist circumference (WC) {#FPar2}

A WC ≥102 cm in men and ≥ 88 cm in women was used to identify those with excess adiposity, i.e. abdominal obesity \[[@CR25]\].

#### Waist-to-height ratio (WHtR) {#FPar3}

WHtR was calculated by dividing waist circumference in centimeter by height in centimeters. A WHtR under 0.570 is generally considered healthy and a WHtR of 0.570 and over (is considered to be risk equivalent to BMI of 30) was used to identify those of excess adiposity \[[@CR26]\].

#### Waist-to-hip ratio (WHR) {#FPar4}

WHR was calculated by dividing waist circumference in centimeter by hip circumference in centimeters. A WHR \>0.90 for men and \>0.85 for women was used to identify those with excess adiposity \[[@CR25]\].

### Socio-demographics {#Sec8}

#### Education {#FPar5}

Individuals were classified as 4 categories according to their highest level of education: less than secondary school graduation, secondary school graduation without post-secondary education, some post-secondary and post-secondary graduation (including trade certificate, or diploma from a vocational school or apprenticeship training, non-university certificate or diploma from a community college, university certificate below bachelor's level, bachelor's degree, university degree or certificate above bachelor's degree). The 4 categories were defined by Statistics Canada \[[@CR22], [@CR23]\].

#### Family income adequacy {#FPar6}

Individuals were classified as 4 groups based on total household income (Canadian dollars) and the number of people living in the household, which was defined by Statistics Canada: lowest income group, lower middle income group, upper middle income group and highest income group \[[@CR22], [@CR23]\]. The definition is as below:\# of people in the householdTotal household incomeLowest income group1, 2\<\$15,0003, 4\<\$20,000\>4\<\$30,000Lower middle group1, 2\$15,000-- \< \$30,0003, 4\$20,000-- \< \$40,000\>4\$30,000-- \< \$60,000Upper middle group1, 2\$30,000-- \< \$60,0003, 4\$40,000-- \< \$80,000\>4\$60,000-- \< \$80,000Highest group1, 2≥\$60,000\>2≥\$80,000

### Behavioural factors {#Sec9}

#### Physical activity index {#FPar7}

It was based on total daily energy expenditure values calculated from self-reported responses to questions about the frequency and duration of leisure-time physical activity in the past 3 months \[[@CR22]\]. These activities include walking, garden/yard work, swimming, bicycling, dance, home exercises, ice hockey, ice skating, rollerblading, jogging/running, golfing, aerobics, ski/snowboard, bowling, baseball/softball, tennis, weight training, fishing, volleyball, basketball, soccer and any other activities. Individuals were classified as being "active", "moderate" or "inactive" based on total daily energy expenditure values (kcal/kg/day): \> = 3, 1.5-- \< 3 or 0-- \< 1.5.

#### Alcohol consumption (daily drinks) {#FPar8}

Individuals who did not have at least one drink for the last 12 months were classified as non-drinker, and those who had an average of one drink daily as light drinkers, while those who had an average of two drinks daily were classified as moderate drinkers and 3 or more as heavy drinkers.

#### Smoking status {#FPar9}

Individuals who have never smoked were classified as never smoker, and those who were former daily smokers and former occasional smokers as former smokers, while those who were daily smokers and occasional smokers were classed as current smokers.

Statistical analysis {#Sec10}
--------------------

Data were analyzed using SAS Enterprise Guide version 4 (Cary, NC). HOMA-IR index level was estimated in the population by gender and other demographic factors, and weighted to reflect the Canadian population aged 18 to 79 years (using a bootstrap procedure, with 24° of freedom \[[@CR22], [@CR27]\]). Associations of socio-demographics, some behavioural factors (physical activity, alcohol consumption and smoking) and adiposity measures such as BMI, abdominal obesity, waist-to-height ratio, waist-to-hip ratio, with IR prevalence were also examined using odds ratios by logistic regression model. Variables included in the regression models as potential confounders were age (continuous), sex, education (less than secondary, secondary graduate and other post-secondary and post-secondary graduate), BMI (continuous), physical activity index (active, moderately active and inactive), alcohol consumption (non, light, moderate and heavy drinkers) and smoking status (never, former and current). The variable being assessed was adjusted to all above variables except for the variable under consideration. For example, when physical activity was assessed, variables included in the regression models as confounders were age, sex, education, BMI, alcohol consumption and smoking status. However, BMI, WC, WHtR, WHR were not adjusted for each other because their high correlation.

In order to determine the strongest relationship with IR among the four measures of obesity, we standardized the four continuous variables (BMI, WC, WHtR and WHR), such that we could compare the ORs based one standard deviation change. This standardization was done by the STANDARD PROC of SAS software and the standardized continuous variables were entered into the logistic regression models.

In addition, we also performed the analyses by sex to examine whether there is a difference between women and men on the association of various factors with IR.

Results {#Sec11}
=======

Table [1](#Tab1){ref-type="table"} shows the characteristics of the study population. Of the 3515 subjects included in the analysis, there were 1646 men and 1869 women. Men and women were similar in mean age, BMI, waist-to-height ratio and waist-to-hip ratio. However, men were less likely to be defined as abdominally obese (based on WC) but more likely to have a high waist-to-hip ratio and to be overweight (as defined by BMI), compared to women. Obesity rates, based on BMI were similar for men and women (22.03 vs 21.84 %, respectively). More men than women were in the highest household income adequacy category (52.11 vs 44.88 %) and were heavy drinkers (12.96 vs 1.79 %).Table 1Characteristics of the study population (≥18 years old), Canadian Health Measures Survey, Cycle 1 & 2, 2007--2011VariableAllMenWomenN%N%N%Age (years) (mean (SD))45.92 (16.70)46.12 (17.02)45.74 (16.41) 18--35 years (%)105833.7548834.7857032.76 36--50 years (%)110832.3751532.4259332.32 51--79 years (%)134933.8864332.7970634.92BMI (kg/m^2^) (mean (SD))27.48 (7.69)27.49 (5.55)27.48 (9.18)Waist circumference (cm) (mean (SD))90.87 (15.42)95.63 (14.39)86.65 (15.08)Waist-to-height ratio (cm) (mean (SD))0.54 (0.09)0.54 (0.08)0.53 (0.09)Waist -to-hip ratio (mean (SD))0.95 (0.77)0.95 (0.39)0.94 (0.99)Fasting glucose (mmol/L) (mean (SD))5.03 (0.75)5.18 (0.79)4.89 (0.68)Fasting insulin (μIU/ml) (mean (SD))9.24 (7.00)9.77 (7.25)8.77 (6.74)HOMA-IR index (mean (SD))2.15 (1.90)2.34 (2.06)1.98 (1.72)Education level Less than secondary43712.1922213.8221510.62 Secondary graduate55616.1524314.9631317.28 Other post-secondary3579.771789.791799.74 Post-secondary graduate213360.4298459.27114961.53 Not stated321.48192.16130.82Household income adequacy Lowest1813.65652.731164.54 Lower middle51215.0921515.1429715.04 Upper middle108929.8348527.6260431.95 Highest161848.4283352.1178544.88 Not stated1153.01482.41673.59BMI (kg/m2)  \< 18.5572.11171.92402.3 18.5-- \< 25.0131639.851132.280547.16 25.0-- \< 30.0128836.1572643.8556228.7  ≥ 30.083521.9339022.0344521.84Waist circumference (cm)  \< 102 in men or \< 88 in women226167.77116173.84110061.97  ≥ 102 in men or ≥ 88 in women124532.2348126.1676438.03Waist-height ratio  ≤ 0.570233670.37107069.07126671.64  \> 0.570114829.6357030.9357828.36Waist-hip ratio  ≤ 0.90 in men or ≤0.85 or women172650.5659739.23112961.41  \> 0.90 in men or \>0.85 in women176449.44104660.7771838.59Alcohol consumption (daily drinks) None166655.2665246.29101464.57 Light (1 drink/day)81628.0941929.0339727.11 Moderate (2 drinks/day)2839.1719011.72936.53 Heavy (≥3 drinks/day)2077.4817812.96291.79Smoking status Never177850.8678448.0899453.51 Former103427.3451129.3752325.4 Current69521.834422.5535121.09Physical activity index Active80021.1843824.436218.09 Moderate90925.6244826.0746125.19 Inactive180653.276049.53104656.72*HOMA* homeostasis model assessment, *BMI* body mass index

Table [2](#Tab2){ref-type="table"} displays the unadjusted and adjusted odds ratios (OR) of IR associated with demographic and lifestyle factors as well as adiposity measures. People older than 50 years had a significantly higher OR for IR in comparison with younger people. Also, men had a higher OR for IR than women. Compared with normal weight individuals, overweight (BMI: 25.0-- \< 30.0) and obese (BMI ≥ 30.0) adults had adjusted ORs (95 % CI) of 5.97 (2.90--8.52) and 25.12 (15.20--41.50), respectively. Abdominal obesity (based on WC) was also associated with an increased OR of 9.23 (95 % CI: 6.52--13.07) for IR. Similarly, persons with high waist-to-height ratio (WHtR \> 0.570) and waist-to-hip ratio (WHR \> 0.90 for men and \>0.85 for women) were at increased OR for IR (8.72 and 6.30, respectively). However, these measures of obesity were not adjusted for each other. In addition, compared with physically active people, those who were physically inactive and moderately active were both associated with increased risk for IR (OR = 2.44, 95 % CI: 1.61--3.68 and OR = 2.29, 95 % CI: 1.47--3.55). For alcohol consumption, individuals who were light, moderate and heavy drinkers had decreased ORs for IR compared to those who never drank alcohol. Nevertheless, there were no statistically significant differences for ORs associated with IR for education level, family income adequacy, and smoking status, although there were tendencies of decreasing OR for IR with increasing education level and family income adequacy.Table 2Odds ratios of insulin resistance associated with demographics, adiposity and behavioral factors, CHMS, Cycle 1 & 2, 2007--2011VariablesUnadjustedAdjusted \*\*OR (95 % CI)*P* for trendOR (95 % CI)*P* for trendAge0.00010.0001 18--35refref 36--501.05 (0.70--1.57)0.85 (0.54--1.33) 51--792.16 (1.53--3.03)1.91 (1.41--2.58)Sex Femalerefref Male1.30 (0.96--1.75)1.43 (1.08--1.90)Education0.1026 Less than secondaryref0.0699ref Secondary graduate0.80 (0.50--1.29)0.86 (0.52--1.41) Other post-secondary0.48 (0.28--0.82)0.79 (0.44--1.43) Post-secondary graduate0.52 (0.33--0.83)0.66 (0.42--1.04)Family income adequacy0.13050.0773 Lowestrefref Lower middle1.57 (0.92--2.68)1.15 (0.47--2.35) Upper middle0.84 (0.60--1.18)0.61 (0.39--0.96) Highest0.92 (0.57--1.49)0.67 (0.40--1.15)BMI (kg/m^2^)0.00000.0000  \< 18.5\-- 18.5-- \< 25.0refref 25.0-- \< 30.05.40 (3.26--8.95)5.97 (2.90--8.52)  ≥ 30.027.04 (17.08--42.81)25.12 (15.20--41.51) Continuous1.30 (1.26--1.34)1.23 (1.25--1.34)Waist circumference (cm)  \< 102 in men or \< 88 in womenrefref  ≥ 102 in men or ≥ 88 in women8.82 (6.28--12.39)9.23 (6.52--13.07)Waist-to-height ratio  ≤ 0.570refref  \> 0.5709.44 (6.81--13.09)8.72 (6.13--12.39)Waist-to-hip ratio  ≤ 0.90 in men or ≤0.85 or womenrefref  \> 0.90 in men or \>0.85 in women6.65 (4.81--9.21)6.30 (4.33--9.16)Alcohol consumption (daily drinks)0.00050.0006 Nonerefref Light (1 drink/day)0.59 (0.44--0.78)0.64 (0.44--0.92) Moderate (2 drinks/day)0.48 (0.34--0.68)0.47 (0.30--0.73) Heavy (\> = 3 drinks/day)0.50 (0.31--0.82)0.36 (0.19--0.71)Physical activity0.00010.0003 Activerefref Moderate2.36 (1.65--3.36)2.29 (1.47--3.55) Inactive2.60 (1.87--3.60)2.44 (1.61--3.68)Smoking status0.34380.7544 Neverrefref Former1.52 (1.12--2.05)1.02 (0.75--1.39) Current1.11 (0.70--1.75)1.11 (0.63--1.94)*HOMA* homeostasis model assessment, *BMI* body mass index, *CHMS* Canadian Health Measures Survey, *OR* odds ratio\*\* ORs were adjusted for age, sex, BMI, education, physical activity and alcohol consumption, except for the variable under consideration\*\* ORs were not adjusted for each other among BMI, waist circumference, waist-to-height ratio and waist-to-hip ratio

Table [3](#Tab3){ref-type="table"} shows unadjusted and adjusted ORs of IR associated with demographic factors, lifestyle factors and adiposity measures, stratified by gender. The negative association between IR and alcohol consumption was significant only in men but not in women (but the number of heavy drinkers in women was small). The patterns observed for other factors were similar for men and women. Measures of adiposity and physical activity were significantly associated with IR risk, whereas education, income adequacy and smoking were unrelated to IR risk.Table 3Odds ratios of insulin resistance associated with demographics, adiposity and behavioral factors, by sex, CHMS, Cycle 1 & 2, 2007--2011VariableUnadjustedAdjusted*p* for trendUnadjustedAdjusted*p* for trendOR (95 % CI)OR (95 % CI) \*\*OR (95 % CI)OR (95 % CI) \*\*Age (years)0.00310.0194 18--35refrefrefref 36--501.06 (0.60--1.88)0.85 (0.51--1.42)1.04 (0.56--1.93)0.87 (0.41--1.84) 51--792.36 (1.51--3.68)1.98 (1.28--3.05)2.00 (1.18--3.38)1.79 (1.04--3.09)Education0.09590.5085 Less than secondaryrefrefrefref Secondary graduate0.92 (0.46--1.84)1.09 (0.45--2.62)0.72 (0.40--1.29)0.74 (0.40--1.37) Other post-secondary0.44 (0.19--1.01)0.88 (0.34--2.31)0.53 (0.20--1.41)0.77 (0.26--2.29) Post-secondary graduate0.58 (0.28--1.19)0.60 (0.28--1.29)0.47 (0.28--0.79)0.75 (0.44--1.27)Family income adequacy0.03990.792 Lowestrefrefrefref Lower middle1.74 (0.65--4.65)1.07 (0.35--3.29)1.35 (0.67--2.70)1.10 (0.49--2.46) Upper middle0.80 (0.38--1.70)0.46 (0.19--1.08)0.85 (0.57--1.26)0.73 (0.41--1.32) Highest0.89 (0.44--1.82)0.50 (0.20--1.25)0.88 (0.45--1.72)0.84 (0.40--1.77)BMI (kg/m2)0.00000.0000 18.5-- \< 25.0refrefrefref 25.0-- \< 30.04.92 (2.18--11.09)4.47 (2.01--9.94)5.75 (2.87--11.51)5.76 (2.62--12.68)  ≥ 30.027.69 (12.81--59.85)25.93 (11.51--58.39)25.78 (14.63--45.41)24.85 (13.12--47.06) Continuous1.38 (1.31--1.46)1.38 (1.30--1.48)1.25 (1.21--1.30)1.25 (1.20--1.29)Waist circumference (cm)  \< 102 in men or \< 88 in womenrefrefrefref  ≥ 102 in men or ≥ 88 in women9.97 (6.60--15.04)8.93 (5.65--14.12)10.45 (6.91--15.80)10.42 (6.42--16.92)Waist-to-height ratio  ≤ 0.570refrefrefref  \> 0.5708.83 (5.86--13.29)7.99 (5.02--12.71)10.16 (6.74--15.33)9.82 (6.13--15.73)Waist-to-hip ratio  ≤ 0.90 in men or ≤0.85 or womenrefrefrefref  \> 0.90 in men or \>0.85 in women8.79 (5.83--13.27)8.21 (4.72--14.28)5.88 (4.05--8.54)5.67 (3.60--8.93)Alcohol consumption (daily drinks)0.00380.0585 Nonerefrefrefref Light (1 drink/day)0.57 (0.38--0.85)0.64 (0.38--1.07)0.55 (0.36--0.83)0.65 (0.38--1.10) Moderate (2 drinks/day)0.43 (0.28--0.66)0.42 (0.22--0.83)0.45 (0.24--0.83)0.54 (0.23--1.27) Heavy (≥3 drinks/day)0.43 (0.25--0.75)0.33 (0.15--0.76)0.27 (0.003--23.2)0.36 (0.004--34.5)Physical activity0.05720.0019 Activerefrefrefref Moderate2.32 (1.40--3.85)2.21 (1.14--4.28)2.81 (1.21--6.53)2.65 (1.01--7.00) Inactive2.11 (1.31--3.41)1.74 (1.05--2.87)3.94 (2.09--7.42)3.82 (1.54--9.53)Smoking status0.65360.282 Neverrefrefrefref Former1.47 (1.00--2.17)0.94 (0.59--1.49)1.49 (0.95--2.35)1.07 (0.76--1.51) Current0.78 (0.39--1.55)0.91 (0.47--1.77)1.56 (1.01--2.41)1.38 (0.75--2.54)*HOMA* homeostasis model assessment; *BMI* body mass index; *CHMS* Canadian Health Measures Survey; *OR* odds ratio\*\* ORs were adjusted for age, BMI, education, physical activity and alcohol consumption, except for the variable under consideration\*\* ORs were not adjusted for each other among BMI, waist circumference, waist-to-height ratio and waist-to-hip ratio

Table [4](#Tab4){ref-type="table"} presents the unadjusted and adjusted ORs of IR associated with standardized continuous variables, overall and by sex: BMI, WC, WHtR, and WHR. When these four measures were assessed as standardized continuous variables, they were all statistically significantly associated with increased ORs of IR, with their corresponding ORs being 4.20 for BMI, 4.92 for WC, 4.37 for WHtR, and 4.28 for WHR, suggesting that no one measure was superior. However, the ORs for all 4 adiposity measures were slightly higher in men than in women.Table 4Association of standardized continuous variables with insulin resistance, overall and by sex, CHMS, Cycle 1 & 2, 2007--2011VariableBoth men and womenMenWomenUnadjustedAdjusted \*UnadjustedAdjusted \*UnadjustedAdjusted \*OR (95 % CI)OR (95 % CI)OR (95 % CI)OR (95 % CI)OR (95 % CI)OR (95 % CI)Standardized continuous BMI (kg/m2)4.30 (3.57--5.17)4.20 (3.48--5.08)6.01 (4.36--8.29)6.07 (4.23--8.72)3.52 (2.88--4.29)3.41 (2.77--4.19) Waist circumference (cm)4.73 (3.91--5.72)4.92 (3.95--6.14)6.31 (4.38--9.08)6.18 (4.13--9.23)4.34 (3.46--5.43)4.25 (3.40--5.31) Waist-to-height ratio4.80 (3.92--5.88)4.37 (3.90--6.09)6.52 (4.64--9.17)6.88 (4.63--10.23)3.96 (3.19--4.91)3.97 (3.18--4.96) Waist-to-hip ratio2.95 (2.44--3.58)4.28 (3.08--5.95)4.36 (3.30--5.74)5.14 (3.33--7.94)3.89 (2.91--5.20)3.98 (2.81--5.66)*HOMA* homeostasis model assessment, *BMI* body mass index, *CHMS* Canadian Health Measures Survey, *OR* odds ratio\* ORs were adjusted for age, BMI, education, physical activity and alcohol consumption, except for the variable under consideration\* ORs were not adjusted for each other among BMI, waist circumference, waist-to-height ratio and waist-to-hip ratio

Discussion {#Sec12}
==========

This study assessed the association between IR risk and socio-demographics, behavioral factors and several adiposity measures using a sample of non-diabetic adults. Increasing age, being male, being overweight or obese and being physically inactive were all found to be independently associated with a higher risk of IR, whereas education level, family income, and smoking were not significantly associated with IR.

Our study found a significantly increasing risk of IR with age in the non-diabetic adult Canadian population. This finding is comparable to the results in the US \[[@CR28]\] and in Spain \[[@CR29]\]. Age has been shown to be the most powerful predictor of IR in some studies, but it could be the residual effect of other factors, because diseases or conditions such as obesity, diabetes and hypertension all increase with age. However, a study of Thai adults over 35 years old showed a correlation between IR and age only in women, not in men \[[@CR30]\]. The result from the 2246 non-diabetic adults in a representative Spanish population sample suggested a significant nonlinear association with an increase in HOMA-IR index in those women aged 50 years and older, while no evidence existed in men \[[@CR29]\]. The molecular mechanisms for the increase of IR with age are not fully understood. There are several aspects of ageing that contribute to increased insulin resistance, including body fat redistribution (decrease in subcutaneous fat and increase in visceral fat), decrease in muscle tissue, increase in pro-inflammatory cytokines, and decreased mitochondrial function \[[@CR31]\]. This redistribution of adipose tissue is associated with leptin resistance. This resistance blunts normal central and peripheral functions of leptin, which leads to a decrease in neuroendocrine function and insulin sensitivity, an imbalance in energy regulation, and disturbances in lipid metabolism \[[@CR32], [@CR33]\]. Research has showed improved insulin sensitivity by regulating fat metabolism in white and brown adipose tissues by way of caloric restriction or surgical removal of visceral adipose tissue \[[@CR33]--[@CR36]\].

Our study also found a significant difference in IR risk between men and women, which is similar to other reports \[[@CR29], [@CR37]\]. This sex difference may be due to differences in adipose tissue distribution, sex hormones and adipokines \[[@CR37]\]. Visceral adipocytes have been shown to be more sensitive to catecholamine-induced lipolysis and less sensitive to insulin's anti-lipolytic effect than are subcutaneous adipocytes \[[@CR38]\]. Therefore, increases in visceral and hepatic adipose tissue contribute to dyslipidemia, enhanced gluconeogenesis and insulin insistence \[[@CR38], [@CR39]\]. For a given BMI, men have higher lean mass and more visceral and hepatic adipose tissue, whereas women have more general adiposity. In addition, estrogen has been found to have a favorable effect on insulin sensitivity, glucose homeostasis and adipose tissue distribution \[[@CR37]\]. Furthermore, compared with women, men have significantly lower level of adiponectin, an insulin-sensitizing hormone \[[@CR40], [@CR41]\]. Therefore, greater amounts of visceral and hepatic adipose tissues, in combination with lack of a possible effect of estrogen and lower adiponectin levels, may contribute to men's higher IR than women.

Our study showed that adiposity indices including BMI, WC, WHR, WHtR were all associated with IR, regardless of gender, which corroborates with other studies \[[@CR24], [@CR29], [@CR30], [@CR42]\]. Our study also showed that these four measures of adiposity had similar magnitudes of association. Obesity, especially central obesity, has been demonstrated to be a risk factor for developing insulin resistance \[[@CR1], [@CR43], [@CR44]\]. One mechanism is that the excess visceral adipose tissue releases large amount of free fatty acids, which significantly impairs the insulin-signaling pathways in the main target organs \[[@CR1]\]. Another mechanism is that inflammatory events decrease the sensitivity to insulin in obese patients \[[@CR1], [@CR44]\], with the focuses on adipose tissue macrophages as the main source of obesity-associated inflammation \[[@CR45]\]. Inflammatory processes in liver, muscle and other organs also contribute to obesity-induced IR \[[@CR1]\].

The negative association between physical activity and IR observed in our study was consistent with other research \[[@CR24], [@CR29], [@CR42]\]. It has been demonstrated that physical activity improves substantially insulin sensitivity \[[@CR46]--[@CR50]\]. In addition, physical activity can reduce body fat and obesity by weight loss, which increase cellular insulin sensitivity and reverses IR caused by obesity \[[@CR46]\].

Our study also observed a negative correlation between alcohol consumption and IR. This is confirmed in several studies, which reported strong positive associations between alcohol and increased insulin sensitivity \[[@CR51]--[@CR53]\]. Regular low-to-moderate alcohol consumption has been shown to improve insulin sensitivity \[[@CR51]\], but chronic heavy alcohol intake may promote insulin resistance \[[@CR54]\]. However, there were very few women in the category of heavy drinkers in this study and the negative association between alcohol consumption and IR in women should be interpreted with caution given the wide range of 95 % confidence interval. For this study, because information on separate numbers of drinks of beer, wine and liquor had not been collected, quantity of alcohol intake (grams/day) could not be calculated.

Because IR exists and progresses before pre-diabetes and diabetes could be detected, IR might be the earliest detectable abnormality to predict the development of diabetes and is of clinical relevance. IR could be used a screening tool for early detection of high risk people for diabetes, such as those with high BMI and with abdominal obesity. In addition, IR could be used as a target of therapeutic approach.

Strengths and limitations {#Sec13}
-------------------------

There are several strengths of this study. First, a large national sample of the non-diabetic adult population in Canada was available for this study. This allowed for sufficient power to consider the relationship of a number of variables simultaneously. Second, a number of key variables were measured, not self-reported, thus reducing the possibility of bias. However, there are also some limitations to our study that should be considered when interpreting results. For example, this is a cross-sectional study; therefore, we cannot draw causality from the observed associations among IR and socio-demographics, adiposity and behavioral factors.

In the absence of a universally accepted cut-off point for HOMA-IR, we used an arbitrary cut-off point of the 75 % percentile to define IR, corresponding to a threshold value of 2.61. Previous studies have used the 66th \[[@CR55]\], 75th \[[@CR56], [@CR57]\], 80th \[[@CR58]\] and 90th \[[@CR30], [@CR59], [@CR60]\] percentile. Three studies used receiver operator characteristic (ROC) curves to establish their cut-off points \[[@CR61]--[@CR63]\]; while this is preferable, it requires information on sensitivity and specificity which can only be obtained when data from insulin clamp testing is also available. HOMA-IR threshold values from these studies ranged from 1.55 in a south-east Asian population \[[@CR30]\] to 3 in a Spanish population aged 7--16 years \[[@CR62]\]. A large multinational study involving 17 European and 2 American sites noted a 23 % prevalence of insulin resistance based on insulin clamp, similar to our classification of the top 25 % of our population as insulin resistant \[[@CR64]\]. A major limitation of this study is that the cut-off point used has not been validated with the gold standard for the Canadian population.

Furthermore, because this study combined data from two consecutive cycles, study methods and assay procedures may have introduced small non-differential variation across the two cycles. In addition, the two cycles of the CHMS have only a modest response rate, which could affect the representation of the Canadian population, although this level of response rate is common in other surveys in current time.

Conclusion {#Sec14}
==========

In summary, the current study demonstrated a positive association for obesity and a negative association for physical activity with IR. The current study results, particularly the elevated risk of IR observed in obese people suggests that early interventions such as weight loss and physical activity may be important in preventing diabetes. With the high prevalence of overweight and obesity in the Canadian population, the study of IR could be considered an important research and public health topic.

Abbreviations {#Sec15}
=============

BMI, body mass index; CHMS, the Canadian Health Measures Survey; HOMA, homeostasis model assessment of insulin resistance; IR, insulin resistance; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio

We thank all participants of the Canadian Health Measures Survey, and Statistics Canada for data collection, and the Data Coordination and Access Program at the Public Health Agency of Canada for database management.

Funding {#FPar10}
=======

No external funding was provided.

Availability of data and supporting materials {#FPar11}
=============================================

All data underlying the findings are available from the corresponding author on request.

Authors' contributions {#FPar12}
======================

SYP conceived the study, performed the analyses, wrote the manuscript and incorporated input from all other authors on the manuscript. MDG and AA conceived methods instrumental to the study, and provided critical comments on the results and on the manuscript. HM provided critical input and revision to the manuscript. All authors read and approved the final manuscript.

Competing interests {#FPar13}
===================

All the authors declare that they have no competing interests.

Ethics approval and consent to participate {#FPar14}
==========================================

Ethnics approval was obtained from Health Canada's Research Ethics Board. The consent to participate was obtained by Statistics Canada when the data was collected.
